Incineration of municipal, biomedical, and hazardous wastes is a widely used waste management option for reducing and destroying substances that pose a risk to human health and safety. However, emissions of trace quantities of metals, chlorinated dioxins and furans, hydrogen chloride, and other emission products of incineration have raised concern about the health and environmental consequences of incineration (1) (2) (3) . Many of these concerns are based on the potential for long-term exposure via multiple routes including air, water, soil, and locally grown vegetables. For the most part, risk assessments of incinerators have been derived from toxicological data extrapolated from relatively high-dose animal or occupational exposures to the much lower concentrations expected to occur in communities surrounding waste incinerators (1, 4) . To our knowledge, there are no published studies based on simultaneous direct measurements of exposures and health effects in these communities. In this study we investigated the potential association between population exposure to incinerator emissions and nonmalignant respiratory effects by the inhalation route; we did not address exposures via ingestion or other indirect routes. Although the impact of well-operated incinerators on air quality is projected to be small, incinerators may emit particles and gases that are not routinely monitored but are nevertheless irritating to the respiratory system. By comparing respiratory symptoms and lung function in incinerator and comparison communities, we can evaluate whether unmeasured emission products of incinerator combustion may produce an acute respiratory effect that is not anticipated with measured levels of pollutants. Thus, the purpose of this study was twofold: to measure longitudinally and directly air quality and respiratory function and symptoms in populations living in the neighborhoods of incinerators and to estimate the contribution of incinerator emissions to the particulate air mass in these neighborhoods. Three types of incinerators were studied: a biomedical incinerator, a municipal incinerator, and a liquid hazardous waste-burning industrial furnace. In this article we present an overview of the study and our findings from the first of 3 years of data collection.
Methods
An overview of the study design is shown in Figure 1 . Each of the three incinerator communities, located in southwestern North Carolina, was matched with a comparison community that is generally upwind of the incinerator. These communities were chosen for study because they were located in the most populous area of North Carolina and because each incinerator community had one of the major types of waste incinerators in common use. A one-time baseline telephone survey was performed to characterize social, demographic, and respiratory risk factors in the communities, and a subsample of the population was selected for longitudinal daily evaluation of exposures, respiratory function, and symptoms for 1 month during each of three successive years, 1992-1994. After subjects included in the subsample performed baseline spirometry at the beginning of the month, they recorded peak expiratory flow rates and respiratory symptoms twice daily in a diary for 35 Based-on responses to the telephone survey, we attempted to recruit approximately 80 persons from each community for the longitudinal component of the study. Of the 80, 40 subjects were to be selected because they responded positively to one of the questions regarding wheezing or other asthmalike symptoms during the past 12 months. The other 40 were selected because they gave negative responses to all questions regarding chronic respiratory and acute respiratory allergic-type symptoms. The former group of 40 subjects are termed "sensitives" and the latter "normals." All subjects were nonsmokers and were not regularly exposed to cigarette smoke in their home. We included children 8 years of age and older and adults up to 80 years of age among both groups, except for the first year of the study in the BWI and BCo communities when only adults were selected for the subsample of normals. We recruited subjects for the subsample until we reached the target figure of approximately 80 in each of the six communities.
We attempted to recruit an additional 25 subjects from each community for participation in a once yearly collection of nasal lavage samples. These (11, 12) . Statistical approaches were used, incorporating wind sector analyses, to qualitatively assess the incinerators' contributton to the monitoring site, using certain marker pollutants measured by the VAPS which are commonly associated with incinerator emissions (11, 13, 14) . Integrating the results of the CMB receptor modeling in the context of wind sector analysis and applying scaling factors to the deposition estimates produced by dispersion modeling, it was possible to assess the incinerator's impact at the residential location of each study participant (15) . Most of the atmospheric characterization and modeling assessments were performed by AREAL personnel.
Exposures of study subjects were determined in several ways: 1) by being a resident of the incinerator or comparison community, 2) by assigning to all subjects in the same community the average 12-hr ambient air pollution concentration measured at the neighborhood monitoring station, and 3) by estimating individual exposures based on information about emissions from the incinerator; ambient air, wind speed and wind direction data obtained at the neighborhood monitoring site; and location of subjects' households relative to the incinerator. For this report, we estimated exposures of subjects only based on the first and second methods. Individual exposure estimates have been difficult and time-consuming to derive, are still in an early stage of development for this study, and thus are not incorporated in our analyses.
Statistical Methods
We used logistic regression analysis to assess differences in symptom prevalence between community pairs. For all three community pairs, the logistic model included as potential confounding factors sex, age, race, education, current smoking status, exposure to environmental tobacco smoke in the home, occupational exposure to chemicals, use of an unvented gas or kerosene heater, cooking with gas or kerosene, use of central air conditioning, and mold problems in the home. The exposure variable was the presence or absence of an incinerator in the neighborhood. A separate logistic model was constructed for each pair of communities. The exposure variable was forced into the model, and confounders were included if the covariate's Wald statistic was significant or if the parameter estimate for the exposure variable changed more than 10% when the covariate was removed. Results of lung function tests were expressed as percent of predicted for age, sex, and height. Differences in adjusted means for lung function and for nasal washings were evaluated by standard statistical tests for differences in mean values. Simple graphical plots of 12-hr air pollution concentrations were used to compare air quality differences in the paired communities.
Results

Description of Sources
The biomedical incinerator was a commercial unit that burned boxed biomedical waste-containing materials such as microbiological wastes, pathological tissue, needles, discarded instruments and utensils, plastics, paper, pigments, and discarded biologicals and chemicals used in laboratories. No radioactive wastes were incinerated. The two incinerator units of this facility were of a continuousduty, controlled air configuration common to large-scale biomedical incinerators. The combined capacity of the two units at the time of this study was 35 metric tons per day. No air pollution controls were in use at this facility during the first year of the study.
The municipal incinerator was a publicly owned, continuously operating facility which primarily burned paper, plastics, and other household wastes; these were used as refuse-derived fuel for generating steam. This facility contained two incinerator units with a total capacity of 224 metric tons per day. Waste gases were passed through a 73-m stack equipped with an electrostatic precipitator.
The third facility was an industrial furnace which was permitted to burn liquid hazardous wastes in one of its four rotary kilns at a maximum rate of 1220 L/hr. The kilns were fed with raw slate to produce a lightweight aggregate used in construction materials. During the first year of this study, the operators of this facility were not burning liquid wastes but instead were using fuel oil or coal while they were in the process of obtaining upgraded air pollution control devices to comply with the 1990 Clean Air Act; the maximum permitted heat input to each kiln was 35 million BTU/hr. Liquid wastes were burned during the second and third year of the study.
The BWI/BCo pair is separated from each other by 5.2 km, 19 km north of a city of 396,000 population and has a mixed suburban and rural population density. The comparison community is located northwest of the incinerator. The MWI/MCo pair is 5.7 km apart, lies within or on the border of the city limits of the above-mentioned city, and is entirely urban in population density. The comparison community is located south of the incinerator. The MWI community contains a campus of the state university system. The HWI/HCo pair is 10 km apart, consists of small settlements or towns, is a rural setting, and is located approximately 40 km east of the same city. The comparison community lies west of the hazardous waste industrial furnace. Wind sector analysis, incorporating meteorological data and ambient air concentrations, was used to identify the likely contribution of air emissions from the incinerators to the total particle mass With the exception of the MCo site, the (12) (13) (14) . Fine particulate zinc, lead, and highest concentration of zinc was observed HCO gas were assumed as markers of incinon days when the monitoring station was erator emissions (16) (17) (18) (19) parisons, but exceptions to this pattern were observed when the wind shifted to a different direction, i.e., from the west for the biomedical pair and from the north for the municipal pair of communities. The patterns for lead and chloride were similar to those for zinc. It is noteworthy that community differences in particulate species (Fig. 3) are not reflected in ambient levels of total particulate mass (Fig. 2) , even for the same size fraction. Only by using wind sector analyses and obtaining measurements of particulate species was it possible to partition the contribution from the incinerators.
Conclusions from the time series and wind sector analyses are supported by the CMB receptor model estimates, which, even on days when wind was blowing directly from the incinerator toward the monitoring station, apportioned less than 3% of the fine mass to the biomedical incinerator and less than 2% to the municipal incinerator in their respective communities. Other source categories identified by CMB were regional and local sulfate, wind-blown soil dust, transportation, and other minor emission sources common to those specific incinerator locations. Regional/local sulfate associated with facilities using fossil fuels such as coal or oil was the predominant source (approximately 30-40% contribution of fine particulate mass) followed by windblown soil dust (approximately 15%) (12. The predominance of the regional sulfate source in this metropolitan community is typical of most urban areas in the eastern United States (20) . We found no evidence that the incinerators had a major or modest impact on concentrations of pollutants commonly measured, i.e., fine articulates and acid gases. The CMB receptor model was not applied to the HWI/HCo community pair because this facility was not using liquid waste as a fuel during the first year of our study.
Assessment of Health Effects
In total, 2592 households with 6963 individuals participated in the baseline descriptive survey administered by telephone. In nearly all communities, we completed interviews on the target number of 400-500 households; the exception was the HWI community, which was the smallest in population and yielded only 357 participating households. Among contacted households, participation rates by the community varied from 66 to 80%. versity system. Paired communities did not otherwise differ in sociodemographic characteristics. Figure 4 shows the results of these analyses for a representative 10 of the 28 symptom questions included in the questionnaire. Most odds ratios are close to the null value of 1.0. For the BWI/BCo and MWI/MCo pairs, there is no consistent pattern of differences in chronic respiratory symptoms. The odds of having an acute respiratory symptom (runny nose, sore throat, cough) in the month preceding the questionnaire was significantly lower in the BWI than in its comparison community. However, in the HWI community, the odds of having doctor-diagnosed sinus trouble (as reported by respondents), a chronic cough, or three or more episodes of wheezing in the past year were significantly greater than in its Figure 4 ) also were slightly greater in the HWI community, with the exception of having at least one asthma attack in the past 12 months or a sore throat in the past month. However, on comparing the unadjusted prevalence of all respiratory symptoms in the HCo community with the other two comparison communities, we observed a pattern of lower prevalence of self-reported chronic and acute respiratory symptoms in the HCo population. This finding suggested the possibility that this community was more healthy than, and not typical of, other nonexposed communities that could have been studied, or was underreporting symptoms.
To evaluate the possibility of reporting bias, we considered the prevalence of reported ear infections during the past 12 months in children. We used this variable as a marker for reporting bias, because this symptom is not expected to be affected by community differences in air pollution concentrations, and if over or underreporting were occurring, we would expect this variable to reflect the bias. The prevalence of reported ear infection in children was nearly equal in the HWI (26%) and HCo (31%) communities, thereby arguing against underreporting in the latter. Since we had no direct means to evaluate whether the HCo community was more healthy than average, we combined the results of the three comparison communities and compared these with each of the Figure 5 , fail to show any pattern of excess chronic or acute respiratory symptoms in the HWI or in any of the other incinerator communities. We repeated the logistic regression analysis with the inclusion of the respondents' perception of the quality of the outdoor air of the neighborhood as potential confounding variables. Only those adult respondents who directly answered the questions, is the air in your neighborhood visibly polluted, smoky, or smelly, were included in this analysis. Persons who answered "very often" to these questions were coded as "1 ", and others were coded as "0". After adjusting for the potential confounding effect of these air-quality perception responses, comparisons of symptom prevalence between community pairs did not change the results. Lung function data as assessed by spirometry were obtained from 100-144 subjects in each of the 6 communities during the first of the 3 study years. Here, we present results only for the first year. These data were obtained from volunteers in the 35-day diary and the nasal lavage components of the study. This subsample included 32-56 persons from each community selected because of questionnaire evidence of asthmalike symptoms during the past year, with the remainder being normals who had no reported chronic respiratory symptoms and were neither actively nor passively exposed to cigarette smoke in the home. Table 3 presents the results obtained by spirometry for forced expiratory volume in 1 sec (FEVy) and peak expiratory flow rate (PEFR) among the six communities. Results for children and adolescents are given as percent of predicted for age, sex, and height (21) and for adults as percent of predicted for age, sex, height, and race (22) . Among Out of the 35 successive days of diary recording of peak flows, the average number of days with both morning and evening records from the 516 participants ranged from 29.1 ± 0.8 to 33.1 ± 0.6 over the 6 communities during the first year. to obtain data on indoor sources of pollution and on personal risk factors for respiratory symptoms because as we found, there may be important community differences in the prevalence of these sources and risk factors, and these differences, if not accounted for, would confound any reported association between ambient air pollution and respiratory effects. We observed a higher prevalence of active and passive cigarette smoking, exposure to unvented gas and kerosene heaters, and mold problems in the homes of the comparison as compared with the incinerator communities. These differences would mask any modest-sized respiratory effects in the incinerator communities. Ideally, simultaneous measurements of indoor and outdoor air quality should have been performed at sites in all communities to determine the total exposure of study participants within and outside their homes, as studies have shown (23) that people spend 80-90% of their time indoors. We did, however, exclude from the diary study subjects who were regularly exposed to environmental tobacco smoke in their homes. Second, even though an incinerator may be a point source of air pollution in a community, its contribution to the total mass of air pollution in that community may be relatively small and nearly undetectable by standard air monitoring and modeling techniques. We found no dayto-day differences in PM25 concentrations between incinerator and comparison communities, whereas fine particulate concentrations of zinc, lead, and chloride, used as indicators of emissions from the incinerators, were consistently higher in the BWI and MWI incinerator communities, but this difference depended largely on wind direction. Thus, if a particular chemical component of incinerator emissions can cause respiratory effects in the exposed community, standard measures of air pollution may fail to detect the relevant differences in human exposures.
Third, prevailing wind direction may result in days when only the downwind segment of the incinerator community is exposed to incinerator-specific pollutants, whereas other subjects in the community Volume 103, Number 7-8, July-August 1995 parson communities. The pattern in normals and sensitives was similar. These data suggest no important differences in average peak flows or in the diurnal change in peak flows between incinerator and comparison communities. Daily peak flow recordings were obtained from 516 subjects in the first year. A least squares regression equation was computed for each subject, relating peak flows to calculated PMIO concentrations, with calculations based on the sum of coarse and fine particle concentrations. Preliminary results showed that individual slopes of peak flow on PMIO were who are not under the direct influence of the incinerator's plume may not be exposed at all from that source on those days. Therefore, if the air pollutant concentrations measured at the nearby monitoring station were attributed to all subjects in the exposed community, significant misclassification of exposures would occur. This misclassification is most likely to be nondifferential with respect to respiratory symptom reporting; i.e., exposure measurement error would be equal for persons reporting or not reporting respiratory symptoms and thus would bias results toward the null, leading to the conclusion that there is no effect of incinerator emissions on respiratory symptoms or lung function.
Last, in any comparison of an exposed and an "unexposed" community, there is always the chance that a single comparison community may be unrepresentative of its sampling universe, either by being unusually healthy or unhealthy; the position of the comparison community on the normal distribution curve cannot be easily evaluated. Thus (24) . This discrepancy may be explained by the relatively low particulate levels in our study, since the range of month-long average PM10 concentrations across our six study communities was only 18-37 pg/mi3, at which levels it might not be feasible to detect effects on peak flow even if they did exist.
We did not detect overall differences in air quality between any of the three pairs of study communities, but we did find that, within the same community, daily concentrations of fine particulates varied by as much as eightfold and that these variations were nearly identical within each pair. These findings point to the conclusion that sources of particulate air pollution found in both incinerator and comparison communities, including sources within the community such as motor vehicle emissions and wind-blown soil dust and sources outside the community such as power plant emissions, were the major contributors to the particle mass in the ambient air. This conclusion is supported by the chemical mass balance receptor model that apportioned less than 3% of the particle mass to the biomedical incinerator and less than 2% to the municipal incinerator under maximum exposure conditions when the wind was blowing directly from the incinerators toward the monitoring station. We obtained no evidence that incinerator emissions had a major or even a modest impact on routinely monitored air pollutants such as fine particulate mass or acid gases. However, we have not analyzed our samples for organics such as dioxins and furans, and levels of these pollutants may differ within paired communities, but they are not known to be relevant to our concern with nonmalignant respiratory effects in this study.
We also did not find consistent community differences in the prevalence of chronic or acute respiratory symptoms between incinerator and comparison communities, nor did we see a difference in baseline lung function tests, even after adjustment for known risk factors. These results, then, do not permit us to reject the null hypothesis of no effect of incineratoremitted air pollutants on acute or chronic respiratory symptoms or lung function. However our results toward finding no effect even if there is one. The major problem is that of misclassification of exposure status on a day-to-day basis, as previously discussed. Wind direction and speed will determine which geographical sector of an exposed community is truly exposed to the point source on a given day. Unless geographical location of subjects, proximity to point source, and wind direction and speed are taken into account as a means to individualize the exposure estimates for study subjects, significant misclassification of exposure status on a given day will occur. Rarely do epidemiological studies of air pollutants take wind direction and wind speed into account, but in a study of point source air pollution, these variables can be crucial for exposure assessment. To date, our analyses have not incorporated wind speed and wind direction into the regression equations relating peak flows and symptoms to daily levels of measured air pollution, though we are in the process of doing so. Figure 7 illustrates some of the preliminary results of this effort; the figure shows the differences in exposures of individual subjects within the same incinerator community when we factor in their geographical location relative to the incinerator, the measured concentration at the neighborhood monitoring station, and the wind speed and wind direction on each day. Depending on these variables, some individuals in the incinerator community were exposed to higher ambient concentrations of particulate air pollution than others in the same community.
A second factor to incorporate into these models is the amount of time subjects spend outdoors each day, since for some pollutants indoor concentrations are only 50-70% as high as outdoor concentrations (25) , and the number of hours spent outdoors can increase a subject's exposure to emissions from the point source. On the average, this variable will not make much difference in estimating exposures of the entire community because most people spend 80 In summary, we found no differences in daily concentrations of fine particulate air pollution within incinerator-comparison community pairs. We did observe higher fine particulate zinc, lead, and chloride levels when winds were coming from the direction of the biomedical and municipal incinerators. We found similarities in the daily variation of particulate air pollution between incinerator and comparison communities. Furthermore, the results of our chemical mass balance receptor modeling indicated that incinerator emissions contributed less than 3% percent to the measured particulate concentrations. These observations lead to the conclusion that ambient concentrations of particle mass were largely determined by regional and ubiquitous sources in both incinerator and comparison communities, and that the contribution of the incinerator to ambient particle mass concentration was relatively minor during each 35-day period of measurements.
Corresponding to these findings on air quality, we observed no consistent differences in the prevalence of chronic or acute respiratory symptoms between paired incinerator and comparison communities, and no differences in baseline lung function or in the average peak expiratory flow rate measured over 35 days. We also found no association between variations in 12-hr average concentrations of articulates and peak expiratory flow results obtained from a subsample of adults without chronic respiratory symptoms and a subsample of children and adults with asthmalike symptoms.
These conclusions must be qualified by several limitations in the data from the first year of our study. First, we have not yet incorporated into the analysis individualized estimates of the air pollution exposure of our study subjects, and this is likely to bias our results toward the null. In further analyses we intend to produce individualized exposure estimates and to incorporate them into the full complement of the 3-year longitudinal diary study. Second, in each community we only have air quality measurements for 35 successive days of the year, and to the extent that this period of time is not representative of the longerterm air quality in these communities, we may not be detecting differences that actually exist. Replication of our measurements in years 2 and 3 of the study will provide more confidence in our air-quality estimates.
Third, this study excludes infants and children younger than 8 years of age; to the degree that this segment of the population is more susceptible to the respiratory effects of emissions from waste incinerators, we could be inadequately representing the respiratory health impact of incinerator emissions. To address this possibility, in the third year of the study we performed a retrospective and prospective study of acute respiratory disease in children less than 8 years of age in two of the three pairs of study communities. These results are being analyzed.
Fourth, the HWI community was not exposed to emissions from the combustion of hazardous wastes during the first year of our study; the industrial furnace facility was only burning coal during that year while it was in the process of obtaining an updated permit for burning liquid hazardous wastes. In the last 2 years of the study, liquid hazardous wastes were used as fuel in at least one of the four kilns of this facility. Thus, our first-year results are not applicable to measuring acute respiratory effects from the burning of liquid hazardous wastes, although we might have detected a persistent chronic respiratory effect because the facility used liquid wastes as fuel from 1983 until 1990.
Finally, we did not attempt to assess other health impacts of exposures to potentially toxic airborne pollutants, e.g. effects on the immune or neurological systems, carcinogenic, or reproductive effects.
Based on this analysis of the first year of our study, we Tokyo, Japan A growing number of industrialized countries are examining the challenges associated with aging societies. Japan, faced with a rapidly aging population, has been a leader in research on this important topic and is a particularly appropriate setting for the Second International conference on Nutrition and Aging.
Conference Objectives
The conference will focus on the eating habits and societal and psychological eating attitudes of the elderly, as well as their nutritional status and the effects of nutrition on physiological changes associated with aging. The conference will evaluate the data and provide opportunities for discussion on 
